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(54) PRODUCTION OF NONVOLATILE SEMICONDUCTOR STORAGE DEVICE 

(57)Abstract: 

PURPOSE: To easily produce through comparatively lessened number of 
processes such a flash memory that can be operated at a low voltage by 
single power supply. 

CONSTITUTION: After a polycrystal silicon film 8 and silicon nitride film 
9 on a tunnel oxide film 7 are formed into patterns 10a and 10b, a 
substrate 1 is oxidized thermally to form a gate oxide film 1 1. After 
removing the film 9, a polycrystal silicon film 14 is formed and floating 
gates 1 6 separating from each other by groove parts 1 7 are formed 
therein. Further, a polycrystal silicon film 19 is formed thereon to form 
an ONO film 18 and control gate. 
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m*m i ] mi »«si©¥*#:s«±fc h >*;ne 

±§2g 1 ©**ftRRtf±eWKfbl» 

U ±B» 1 ©**^Rtf±ffiW»*rJ»t©/'<*-->£ 

±fB3§ 1 ©»*ttRR»±EW»fl:Bl©^^->flDBO 

±85^ 1 ©**tt«±fc£2 ©Wtttftfcjgfifcfaig 
^&<it>±e»2©**fflK*aK»fc»SU ±83 

h >*;«B«iRtf ±ey- MNM±ic±Eft i ©* 
mttBiRtf ±e?b 2 ©»«<m# & h £jb 

±ssm 2 ©»*i^±{c«jKieii»«*»^r*i8t, 
±e*s«Mt±ic«fi*'-- h tftzm 3 ©*«ttn* 

±&mwf- h©#w©**U"fe;w«i©*^#iis-r* 

5H?^8iffijg©«a5ia^a5»ffl±t3¥»#:Sfirt(C» 2 

»*ffl©^»B««Mi*»j«"r*xaft3Efc*rr* z, t 

fttttmtM 1 KE*©^ffitt¥SWWE«8B 

©«&m 

[MM 3 ] ±BB««y- hRtf < t -b±tB(W« 
- hRtf±C*F»IW|jSTHSEnft:«W©±E¥»# 

c«T*ci*wfctr*«wii tta*©^#f6tt* 

[0 0 0 1] 

um±nwa»m eeprom auectr 

ically Erasable and Programmable Read Only Memory) 
[0 0 0 2] 

[*£#©&«] E E PROMH >C*iJ-fe^fcB«an 

s«*»fc»*&JM&tf«:S-r* z. tawc 

fcV>**5Bttfc#**¥8S#E*£BT*S. £©£5 
SEEPROMO'5?» ^Hyh-gXB^D^^ffi 
T?x-*©ill*ftff3J:5Kl/fc79y3/aaiEEPR 
OM (KT f77y->a^ ; EUj &Rrr*. ) tt. 1^5 



:) #B8¥8-646 9 7 

2 

[o o o 3] je^, mmmw&K. z\zm^%it#>\zw& 

X * y 9M* * U -fe;Hfcff* * 75y>a>( ; E'JTtl, 

micas. ^©iBiB**ft-r-5&»c. x-^sis 

tt ;* JE U ±)]/Omm^- h tCftSJEEfcEPftrf s i V» 5 * 
kC«39t. £©#*£«, ftSJE^^HK, SS 
? »£Eh5>5>X*Rtf3»SiJl*|jB*ft&KfcU SI 

zz.r, ttmnsmtem&mm-v 

"A High Capacitive-Coupllng Ratio (HiCR) Cell for 
3V-0nly 64 Mbit and Future Flash Memories" (Yoshi 
aki S. et.al. 1993 IEDM Technical Digest, pp. 19-22) 

5. ±E£ftKE«©**U*Jl<©««*ttft. 08 £ 

[0 0 0 4] *t\ 08 (a) fC*-r«fc5t. PS3"U 
7 3>S«1 0 l±KLOCOStfefc«t-3T7-f-^H« 

<tmi 0 2»uiLm y-Mjftisi o 3. ms> 

•> U 3 >« 1 0 4 . -> U 3 >B6ftK 1 0 5 Rtf«> U 3 > 

amau 0 6*^->*«-r*. 
[0005] &fc> las (b) ksr-tj^k, mum 
1 0 8w?->ml&8, *iea->U3>ei 04 

ftE 1 0 9 £ftSj£TS. l/j6>*«. MMS'U 3 >R1 
0 4*©1M P^tHUl 1 0ft->U3>3MUrc» 
EST*. 3 tH F**-;VRl 1 OSWKftSSi: 
? IfcLOCOSST, tfc«»BtJS©JPVi->'j3>»ftK 

1 1 9£^-r*>. 

[0 0 0 6] #IC, 08 (c) \Zmt£o\Z. ->'J3> 
SSfclBl 0 6Rtf1M H9*-;Hll 1 0ft**l/& 

*, jmmsk 1 0 s Rtf -> >j 3 >s&fl:Bi 1 0 5 

U 3EK, &ttK<tS* (Hwttf) ft»«Rtf*SLT 
5"J3>««1 0 1±©1M Fr>*-JMKl 1 0 

(oxynitride) 112^fSfS. 
^a->'J3>Kl 1 3£J&fiET£. Hit. h>*;H6Sfl2 

7 &i 1 2\tmti.mm*m#t<nz>r£Sb\zcvDmr<D 
mmzimhtoK 

[0 0 0 7] X\Z, m8 (d) (c^-r«k5tc 
U3>Ki 1 3SS*ttx^5 1 >^-r5i:tC«ti9, £ 
*gft-> U 3 >M 1 0 4 *?©1M H * -)l,-> 'J 3 >® 1 
14*^f«. 

[0 0 0 8] ^IC, 08 (e) IC^f<t5K, ^«ft-> 
U 3 >R 1 0 4±© h >^;VBSSftK 1 1 2 *|»aUfc 

^ffifc#«Sft->ij3>«i 1 5S^K-r5. 
[0009] ^c, 08 (f) izm-rzoiz, 
1 U3>ki 1 5 *nmy-v<»tetk\znt>-->>?t 
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3 

3. VfrZVt, #»ftS/U3>ill 1 5±{CONOBI# 

ommmi i 6*»«u s^ic«gig:Ki 1 6±K7- 
F«tft*«miy-M i 7 ft;^->»ijEr«. 

[0 0 10] «±©!SfcJ:5«itSnfc77y->3.^ 

tuc^tu -t^tt, h l l 2 ©ffiflbP 

•>'j3>iio4, »-f h^*-;l->'J3>ki 1 4. 
visas' u n >m 1 5*s&s) xxtf-vz-MKim 
o#«ft*#ic/ha<r«iit*»T**. *©»*, h 

>*A«Wfelll 1 2t?©ijWR"t>^*<aoT7r 
■>7- • y-FA-f Ah>*U>y (FNh>*'J> 
if) S*KJ:*« : f05l*Jk#fttfttXft»*J:<ff5 

±a«D7 9y5/a^ i EUO«!DEftttt, MNOSSfflE 

e p romic t>»n-r* z. tfimm-c&z. 

[0 0 11] 

1 1 0*»rtbfc«fclWMfc*ffoTS/U3>«ftlll 
19ft»j*U S6tU-f H^*-J«l 10*l»Sb 

ttM&XSftftS&rs. WK, ±E#fctt. 1M 
*-^KO»j«R«LOCOSttfi:J:*JI!Wfttv^fc 
Xg£** 2 m-ttr 9fcftlc8ac#*lcftttl&t6 

[0 0 12] *fc. ±IS3t«{{Ci2^©77y->3.y ; 6'J 
©«6*iSK43V>Ttt, tt&Kttfcftl 0 8&tf->'j3 
>BgftBi 1 0 5 fcR*f*X8T?->'J 3 >B8fcBS 1 1 9 
i>mmzxy?>>fi£ftZ1ttb, -><j3>lS{bBll 1 9 

>«fcK 1 1 9 £^LT#flT**i!fc«J&«C)l 1 0 9 t 
#«8*->'J3>Rl 1 5<L©W©£«£S*<*#<fco 

Ti/*w, h>*;i*Sfla*i i 2?©«jum>#b* 
[oonif^ *»tra©a«tt, ffi«EET©*- 

[0 0 14] 

[KIS*#ife-f *fc&ffl#§H ±ERH*#ifeT*&© 
St, ±E¥«ftS«^ffi('m 1 ©*«4BS&tfWKft 

■tsiufcawrt-aisi, ±Em i ©SMtfflBRtfiE 

ttftftK*SftttCI*£U ±Em ©&««■«»# ± 

B»»ftBt©^^->*»*-r*iat, ±E?g i om 

*ttK;atf±EW«ftK©/^->©ra©±E¥*#£ 
«±fc. ±Eh>*JHMWJ:D , blW©**V»y-h 



(3) ftM¥8-646 9 7 

***-r*xat, ±Esm©«*ttBi±fcai2©3* 

tt«*»j«-r*x8fc. ^ft<tt>±E»2©»*tW 
*68H8±l;:±ESfi 1 ©^Sttl8Rtf±EII§ 2 ©$«£& 

*6tt*»aiy-hs»*r*x8t, ±es£2©$s 

ttK±fc$*»SIR£^-fSXe£, ±E*«aHR 

±ir«fpy- h tfcsas 3 ©*MttK?fc/i*->jMw 

SXgtSrWTS. 

10 [0015] *»w©-««ic*v»Ttt, &®-f*>a 

AfttCioT, '>^<tt)±E»I»y-h©*|fi]©y ; E 
©±E*3»#S«l*gfcJB2«*S©5F««it*)H*^ 

i-*xg*jEfc#-r*. 

[0 0 16] *»«©-!» t*v»Ttt. ±EW«y- 

h&tf < t fe±E^«y- h ©*ir]©^ * u -fe;nw 

AiSlCioT. ±EfW»y- hRtf±E***HWIHrc 
H * nfc**©±E¥*#**ftK:» 2 ^«S!©**fi!&| 

a? i«Wi*w*r*x8tJEfc*rr*. 

[00 17] 

©#fMt«ft»Rttfcl»*b«:«0fKy- hffi«R«9R 
«ftfcJ:-3T*riE-r5©T. «*©J:5R:-S--f 

«BR£W©«»*CFi&»lCXy^>^anT-t©*» 
©ISJP*t*<^oTlx*5c:t*J&^©t?, h>*M8 

jo Mnr©«jMii+«»B»sn*ci*%v>. 

[0 0 1 8] *&, &«K*>ttAi5i!fc«fcoT, «T» 
IK«ia©*«iStnB^©¥«#^Alc^||«1RJ|« 
JMrt-*Hifc.fcD. *?#*«»©««iE»IS#©¥ 

©^tu-fe^fc**sn*^tt*tttwi«»»i«*n*fc 

o T* * 'J -fc D K JWMbf « ^ t «^C* * J: 5 fc 

40 [0 0 19] W»y-hRtf*^#**Bfi£V7. 
i'tUfc^^>aA*$ffV>, 7*6«©«#l«lt;lRKJ: 
o T h >^;MSi»Bi 2:7munui t ©^- n-y v 7 

[0 0 2 0] 

[0 0 2 1] KT, *56W©SllfiM&HiS*#ji8LTIJi 
50 [0 0 2 2] Hltt, »l*W«l©75y5/a/*iJ© 
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<0, 01 (a) fi£¥ffi0. 01 (b) te01 (a) ©A 
-Asrc©8rM0T?;feS. 

[0 0 2 3] Ell (a) fc*5V>T, 7^-^HmftH6 

*Snfc^I»y-h («7-H«) 2 0«StlTli 

PKftK 6 fc**ftfc*?**±fctt#**'J"fe;i/©» 

6 T©-> U n >S« 1 »i*r* h >*JW*fc 

ira, 7 b «k o <bW»-o**v»y- Mftfcgt 1 1 a*, 
h>^8ft«7a, 7bi©»JM«7^-,fcP«flJI 
6fc»-3&*lftta:4J:5lC»**nT^* (0 1 
(b) #15) . 

[0 0 2 4] Nffl*tt«fcfW-C*«7-* ■ FH> 
FKfcK 6 ©$ffi£#ffl5#©->'J n >*« 1 2m\ZMtiL 

stress, wft. y-x- FK>5tt y^-;i/H 

4#W3ttTV>-5. y-x- FM>50-* 
(H^» fit, Ufjeyny^ftKttttsnfcKyha 

tt5n&y-x3>*?b (0^-tm «N,xy-x 
« (■***•) fc»*anTv»*. ho«j«kj:d, & 

iifco 17 ^ FfcfcR 6 ©ftf^lftlT©** 

[0025] 01 (b) t*v»T, #y*u-fe;wi, P 
- hmitm 1 1 *^br»rt*nfc»a^- H6» 

»*'/'J3>Kl 4S^«IJ/'J3>I8 a. 8b*» 
Sfc*) fc. MMf-M 6±fcONO«l 8«hLT 
J§^£nfcfW»y-h2 0«h, 7-r-;PFBfclB6©« 

«iE»«»o*>u n i K»*an&y-x • 

HW>Bit*bW*. *fc, y-hKftRl 1± 

a, 8 b ©»**-e±3!rfcaitf & 2#©->>J a >B6fcBI 
1 2*t»j*SnTV»*. SSfc, **<J-feJI/©£#:tt, 

[0 0 2 6] 01 (a) Rtf (b) *»&*JISja»fci:3 

FU-f>5th>*MMJl7a, 
7bt©*-A-7y7l^bt, y-X- FW 

> 5 t»jfiy- h 1 6 i©MT«^©aAS^§i^fe€r 

-fe;U©y-X- HW>5©— *t"3V»T»tt«JJe»TT 
«*.tf0. UmXO. 6 wmaS (M«y-h2 0© 

- h 1 6 Rtf y-X • HK>5 ffi©$**#S(C/h$ 



(4) ftBB¥8-64 6 9 7 

5 

<?-££<!:#-**£*.*-©*§&, h>*;H6fcl!S7a, 
7bT©«JM*+)W**<&TjTFNh>*U>i'3I* 

09;tfii3. 3 VO««BETO*-«R«fWflI 
IBtcfcS. ft. h>*;l«ft«7a, 7bfi£, *©V>1* 

n*-*«it*»»j«*nTv»n«j: < , <■©«££« k 
^l/KfcfllT©*****;* 5 z. tifitZ 

[0027] 0K'^T^ ; &'j-fe;wi, wmy-vis 
io tmmf-Y2 o tomfcimifcoNom 8©b« 
sjt«»^<t*i:tAJT€r«©-c, Bty-M6 
&r/<w»y- h 2 o ng©£a£*£ < -rur-rffiiiESbfe 

#tcy-x- FK>5M«b, ^n6©fffl(c?v^ 
;v«»^j«$n*<t3fcUT^«©-p, w»y- h 2 o © 

S©i D-H©iS5««fft*ipI«6tC^S„ 
[0 0 2 8] *tC, **«W©75y->3L^^'J©«i6 
£J££, 01 (b) fc»*L&r»ffiftlSJBfc*-fH2 

a? RtfH3*#jiL&a»&ttwra. 

[0 0 2 9] 02 (a) fcjKf «k 5 fc, Pg->'J 

3>S«l±fcSRHtfl:SXttCVDSt«fcoT. MiP3 

0- 5 OnmSKO'ly H«ft«2 t^llffc»*bfc 
CVDj*»r.toT> mUl 0 0~3 0 OnmSS© 

i^$?xh4*^w^*-rs. 

[0 0 3 0] ^IC, 0 2 (b) (C^T<t5IC, 7*h'J 

y^7y^-KJ:t3T# : f»iB««fr^#**©7* 

M^Xb4£|ifc£U S#Ufc7*hkv > Xh4S-7 

->'j3>^|tR3*a^W(C^*fS. LfrZ&. ->'J 
3>a<bK3St;7*hk>?Xh4&VX^tLT. tf« 

ciD">>j3>afcRirtKfl-6a*, ->'jn>asffii© 
aHc^«iwett«T**y-x • fk>5W 
5. ^©^©^frturfii, 

M-S5 0~9 0keV, 0 ls cm 

Messrs. 

[0031] set, fl-^ii*©Ag0fii, ->U3>s 

a, UM»/^->MI»«btr«i, 
0=t an" 1 (a/b) 

T#*sn«. ^un>gsftii3Rr;7*M/ 

h 4 ©JP*.*t-€-n^ni OOnmMl 0 0 nm 
(a = 0. 2 0(im) WIHb*»l /xm©^p, 0fii* 
±•€■11-12° tfiK), 5/U3>«ftll3Rtf7*h 
U^Xh4©j?**t^-n-€ : n3 0 0nmRtf5 5 Onm 
(a = 0. 8 5wm) WHbtftl (imODB, 

1- 5-4 0-4 1" ta*. N. 7*M^yxh4*»S 
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[0 0 3 2] c©J:5fc^Ua>«Rlfc#LT#W)* 
lft*>6-f*>ttXftff5ilifcJ:D, S/'j3>SfcR3 
&tf7* hW7Xh4#-?7>£tfcoT, *-ne>©*ffi 
iE««#lC ■ FW>5*'§B 

SfcR2©T#fc-«#SfcofcJB©7-X- HW> 

sjw&ssns. 

[0 0 3 3] 02 (c) K«5t, 

[0 0 3 4] *K, 1212 (d) fcjRTJ:3IC, ->U3> 
SftM 3 SIMMST* 2 t b&L O C O S ttfc.k -a T-> 
•j3>»Rl*i«WMfcL, RJ?4 5 0~6 0 0nmg& 

<D7j-)i mitm 6 zmicfco, v-* 

T7-f-^ FKftR 6 ©ttttiEftffift-©*' y 3 >«« l 
aBttgASfts. £©t*, /ty HKfl2«2fck0, 

■fejnw©*^i»*-r**^«»)ituT«, 7^- 
;p pfefcK 6 cn sr > •> u a >«« i ±tww*^ 

[0 0 3 5] JfclC 03 (a) IC^T «fc 3 »C 7-r-;]/ 
FftftM 6 CHSnfcJK^WOS/ U a 1 ± t« 

mitm e KH*nfc->u a >g« 1 ±{c^gi^ick 

oTRJ? 1 0 nmg&© h>^;Hifl2«7 ft»BW*. 
fc«fcK £©<fc3fC i*fl«*h>*AitLTfflU 

scticko, u-*«*©«£*ai«fr4ci**"c* 

&» RJP5 0-1 0 0nnU[OMIi/ij3>|Bt 
CVDttfcioTABffcaWtU SSfciW*5 0nm8 
*CDS'U3>«ftK9*CVDttlcJ:oT*IBt»*r 

*'6©CVDSi»Ck^T^ttCVDai(Ck*«Ra© 
Hffi F-7"lckoT, Mx.au >»©^«***A'r 

[0 0 3 6] *fc. 03 (b) IC*T«fc3IC V-X- 
FK >5#»«SnTV»fcV»3'U3>ai*l±, & 
tf, 7*-;i/H»fcR6±©#«»5'>j3>R8fttf5/ 

3 >2ffcR 9 & 7 4 -)V FRfcR 6 ©ft#2r flKJKfifc 
X'JyW?->10a, 1 0 b fcftniT*. Zft\z 
<koT, *i|gfi->U3>R8fi, /^->10aTC* 
*Sft->y3>R8 at, n&—>\ 0bT©*»ft->U 
3>R8btfc#»r3ft*. w. 7^-;UFBHfcR6± 



(5) ttB¥8-6 46 9 7 

5 

0#MA3/U 3>i8 Rtf->>J 3 >gftR 9 ttjB-f b*> 
RfcSf W->10a, 10b 

[0 0 3 7] &fc, 03 (c) fc*f<fc5tc 

ioa, io bw©pffl5©jSH(csimr5 h>*nm: 

R7Sl7f>^4bm &Bgffc8;tCkoTRJ£2 
0-3 OnmSSTiBO. 4 /img«©y-M6fcRl 
1 £^-r-5. ;i©<k5IC W->10a, 10b£ 

jo 7 fiucr 1 1 c tick 

t), «H©«n«:y-mft«i 1 ct**T? 

cnickD, y-hKftKl ltt. 4B0. 2ym 

©j£iSK«ta-r-5 H>^;nsft«7 s»*-a-TK3Riift: 

ftfrr>-cy-h*fl*i l ft»j*LT>bJ:v». £©&SI 
fclCkoT, £*giIr>U3>R8 a, 8b©fflglCi-> 

u a >se{tR 1 2 at»rt ana t t t>tc f >*mit 
m 7 ay- bmitm 1 1 2 nsf© f 

R7a, 7blC^»fans. 
20 [0 0 3 8] &tC 03 (d) IC*-fi5lC £«8ft-> 
>j3>R8a, 8b±©->U3>$ft«9*S»U>»T? 
8**L&&, ^a->>J3>R8a, 8b±T©RJfj5' 
5 0~1 0 0nmg«©^j8av->j3>S|14SCVD 
ftT^BIt^l-a. ^©tfr, /W->10a, 10 

bis©sia5tt, *»»s/U3>«i4icj:t>Taa6ai 

n*. 21©#il8ft->U3>Rl4<b*jeftv'ij3>R8 

tHSHcu >»©^w»ft»A-r*. 

[0 0 3 9] &IC 03 (e) IC*f«k5lC 74-)V 
mitm 6 ±©^igft-> 'J 3 y#k 1 4 st; v 'J 3 >sgfl; 
50 R 12*, 7*hUiS7.b (HwtfT) 

Xy?>^CfcoTl»*-r5. 'niCkoT, 
l«RftR6©ft^WK:SltffcXU y h«/^->&* 
fa £ £ IC ^i|ga-> U 3 >R 1 4 &tt»!SA-> U 3 
>S8a, 8 b*»&fc*IHMr*-M 6 
M. 7>r-;l/H»fl:R6±©*i|Sfi->U3>R14Rt; 
U 3 >6S<bR 1 2 tt, 4>fc < t feRSE-TSffiy- h 

1 GMzmm-rzmmi 1 **^ans<k 5 tc^stn 

««fcK ftoT, 5^'j3>'RftRl2J4if5rU'b»*-r 
6iWH:ft<, *fc, *#Sft->'J3>R8a, 8 b©- 

[0 0 4 0] ^CIC 03 (f) ICTVr«k5tC ®Wf- 

h 1 6 y 3 >r 1 4Rr«MSji->y 

3>I8 8a, 8b©*iBfcRfl:RjftJ(RJ¥l 5~20n 
mSaf©ONOR (->y3>BtftR/->y3>S^R/ 
->'j3>KftR) 18 *»«•*-*. cot*. ONOR 
1 8ft«|j«-r«TR©S/y3>Rfl:RttR«9 0 0~1 
0 0 OT;afl*©IWMl:XttCVDtSTRJ»l 0 nmi$ 
t*J«b, ->y3>gftRliCVDj£t?RJPl Onmi 
ftfC^L, ±*©->«j3>«flaHHfiJ*9 0 0-1 0 
50 0 0*Cg«©^SIftX«CVD»:-pRJ15 nmgftlC^ 



(< 
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Iff. ONOH8H 03 (d) (C^fXSfC 

[0041] 0 3 (g) \zm-zs\z. ±m\z& 

ttfts/'ja>ili 9*»j*bfc«, 7* hi/?* h (0 
*Sili/>j3>l8ll 9, ONO«18Rtf»ay-M6 
##ft£it£T£7jflt£Mtffc7s<J v hWW->\zm 

-h (7-h«d 20 (0 1 &m) ammzmx-rzt 

t % t, M9S7^* FtttftK 6 ©£#75 

fatmz.-?ttmz^T*^)±)],mzftm-$-z>. 

W. U a >« 1 9 ©ftfc> "3 U 1M HRSffl 

V>T7-HI8©ffiigSirtfc£03 e t:5fcLT&«kV>. Lfr 
*«. &ffiKffn«ftK2 1ftffl*U 2&lce* (0 

[0042] *mmwm, v>*)m<m7 £\zk&l 

MMtiRl 1 SiMMISK^tjTJWrttOT, ifc&«4> 
&. 8a>ttZh>*MMdR7a. 7 bSW©&#*<* 

[0 0 4 3] ££, *»-f*>i£AiSK,i:-3T. 7^- 
* HKftK 6 ©iSfi|5ifi#«5#©-> >J n >£« 1 Wfc V- 
7- FW>5tiMt*OT, 7-f-*HWHl8«) 50 
TOffifcaaoS/y 3 >*« 1 rtfcffl«a.<3gE*£H 

•testify hn>** H^v-^n^^ hftRit* 
fot, **y*;i/ft.kDiMIMMfrtt&;i 

[0 044] C075y , /a^ J E'jOt*IUl 

[0045] $t. Hifcw-r^u-feMCT*-*** 

*&tHCtt. V„ = 0V, Vd =8~9V, V, =op 
en, V..b =0Vfc**/t-f7Xf*. W, V«.tt« 
»y- h 2 0 (CEPJirfSSJE, Vd ttHW>«JBE, V 
. ttV-X«£E, V,.b 

t»aiy- vnm 1 6 t©*- a-? 7*a$#© h 

/HWHl7b*aDTFNh>*/l^lCJ:oT, HI/ 
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[0 0 4 6] ifefc, ^^U-feJHtlBttSnfcx-i'*^ 
S-TSlCtt, V, =0V. V„=11~12V, V,.b 
= 0V. Vd =0 VIC** AW -T-Si, V- 

X 5 Stf F W > 5 tmtf- V 1 6 t<D*-K-7 y 
7»a©h>*;Mtfcil7a. 7b£iIt;TFNh>* 

5. *©*§*, *ty*;V©L*l*««E£>y2VtU»» 
6 7V8*^t*ftU **y -feJHiiHSttffi 
( "0" ) fcfc*. 

[0047] *ic, pc^u-fe^ciaitanfcx-^fflR 

n>aA*»jE215&Vi±5fc, V t , = 3V, Vd =1 

v, v, =v,.b =ovi:^;H7xt5. -t-br, 

Hi/-f>««©*«ffc«toT, ^*u-t*wi«a*« 

[0 0 4 8] 04H. »2S0l«O75y->a^ ; eUO 

* * y -feJi-7 w ffid-oa^n ft«K«iA«^-r 

0, 04 (a) fci¥ffi0, 04 (b) tt04 (a) ©B 

-B«T©WBHTr*«. 

[0 0 4 9] 04 (a) ICiHT, 7^ -Jl/ FK{fcl$6 
©l^tfffliia3rt-*#filfctJ. **©**'J-fe;UZ* 

*an&iw«iy-F (7- Him) 2o«JMsnTv> 

5. -eUT> (WWy-h2 0©TS5T*oT> 7-f-Jl/ 

HKftut 6 K*snfc*^*±fctt#* *>;*;>©» 
6 t©-> u 3 >s« i auBKH;, wrr * h >*;nsft 

R7a, 7bJ:D"bW»©**V»y-Mtftm 1>V, 
h >*;VBgfcBI 7 a, 7b iO«J|4WMiy- H 2 0 1 
»ofc*l«tft*J:5fc*l*«*nT^« (04 (b) # 
RD . 

[0 0 5 0] Nffl^M*««lTr**V-X 
5tt, 7^-;VHK^R6©fi^|Rl(C^oT7^-JU 
HKftR 6 (DMBi&mWsV 3 >S« 1 
v%nTV>«. 7-X- Hl/-f>5«, 7^-;UH 

mm 6 oft^ftfcEJ9«*nfc**©^*u-fc;i'R:* 

**#SftTH6. Sfc. 7-X ■ FK>5tt. 0^ 

[0 0 5 1] 04 (b) t*V>T, #^*U-feJW4. P 
33" U 3 1 ±fc h >*JWlftil 7 a, 7b *W 
- hBSftBS 1 1 ZftLTMtfL2tltc&m>f- M6» 
»ft5/'j3»Rl4Xr;#iieft3/U3>R8a. 8b*» 
t, »ffiy-M 6±tONOKl 8*^LT 
»*«*n&«fpy-h2 0tft*UTV»*. set. s- 
^tU-feJWi, 04 (a) t^fi^C, 7W-^HK 

ftss 6 ©«a5jfi»a5»©-> >j 3 >»s i %m\zwmn 
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>K8a, 8b©«»*-C±*fcJKRfe2*OS/U3> 

■Asm 2a»»j«aftTv>s. s&fc, ^tu-t^o* 

[0 0 5 2] 04 (a) Rtf (b) jfcSWSfrfcJ:} 
fc, *%MW<Z)7 7 yi/a^t'J fit, HFMSffi* 
BTBtft-oy-X- HW>5ih>*JHM:Bl7 a, 
7biO^-n-7>^I^bt, V-X- HW 

> 5 £j¥igy- h 1 6 toiaTS^©ttXRr;5i€fSi# 
*»fffcn*. co*-;t-9»^»»ii. i"3©**y 

■feJl/©V-* • FW>5©— #fc^T«*.tfO. 1 
umXO. 4MmS«0*«*«2^T»S. M. £©« 
H>*;UKfls«7a, 7btt, *©wf*itf-:fiF 

[0 0 5 3] *jtt«075y>3.^'j0tti 
124 (b) fc»*bfc»fH*l8)ilCw-rH5 

[0 0 5 4] Sf. 05 (a) \Z*T£5\Z, |gl*ft 

r) *»«r*. ^-^HrMsKtHsn 

fc*?**C!)-> >J n >&« 1 ±£«ttBft:It (H** 
r) ftJMtfttfNttL&fft, 7^-;i<H*tftKKH*n 
fc -> 'J 3 >S« 1 ±fcr»KflSfefc«fc -3 Til? 1 0 n mU 

~1 0 0nmS«©*ilS«->'J3>BI8*CVDffit«fc 
5T4Bt»«l/. SSKiWS 0nragS©->'Ja> 

afljr*9*cvDi*icj:-3T*TBc»jsr*. 

[0 0 5 5] X\Z, 05 (b) ic^ri^fc, ffay- 

H*»j*r^**«^©t«, ?w-h£jg 
art-"*.***© 5 isy- H«ftK*»<sr^**«©^ 
»*->'j3>ni8R^5/U3>aftii9*»*u »ia 

* 3/ U 3 >R 8 Jktf S/ U 3 9 * 7 < -)V HBSft 

->ioa, lobf'jnxrs. ewcjjot, 

~>'j3>BJ|8tt, 0 aT©#*Nir>U3>K 

8 at, 1 obT©^iiea->'j3>iia8btfc 
#Bfsns. ra, *ay-hft»j^^*«ii-ra*©* 
#©^snr> u 3 >« 8 -> u 3 >mm 9 fct&r u 

"b**r*«K»a:V». S&, 0 a, 1 0 b 

«, ^rn^-*fcnt^j«r««t5cuT'b«tvj. 

[0 0 5 6] 05 (c) (c^riStc, ;^-> 

10 a. 10 bWOJMSOJfflB^fflr* h>*JHtft 
R7*r**bfctl, *«fcftfcJ:oTg|JP2 0-3 On 

mg«©y- vmm 1 i*»«r*. cntio, /i 

*->10a. 1 0 bM©«0. 4tfmg«©y-hS6 

ftKiitt. no. 4 y mis© h >*)vmitm 7 rm 

£tlZM\zteZ. HSf, IMB©*fflK*fflr«h>*JH"l 

ftR 7 *»**r \zmmit ? xv- bmt® 1 1 £ 
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rs a. 8 bonmz\t^V3>m^mi 2**»Ran 
* 1 1 * c h >*;i^r 7 ay- HBtfttt 1 1 e* 
^2o©H>*^rM;R7a, 7bte*Ht'rSn*. 
[0 0 5 7] 05 (d) fc*r«t5fc, ^ttB$/ 

U3>K8a, 8b±©->U3>gteB|9£&>J>6rr 
*fS*->y3>R8a, 8b±T©RJ?a' 
5 0~1 0 0 nmgS©^iiea^ , J3>||l 4&CVD 

m-c±mzMi$,-rz. d©t#, /^->ioa, 10 
ns. 

[0058] act, 7*-/i/FrMarrt±©«tt*u 

3>R1 4*tf3/U3>FM-JHl 2S, 7*hV3>*l» 
5 (03 (e) . r*lfc«koT, 7Y-;>HI6ft 

£ 1> C, -> U 3 >R 1 4 KX&tii&i' »J 3 >R 8 

a, 8 bfl»&ft**MBr*-M 6ft»fiW*. 

[0 0 5 9] 05 (e) tr*r.t3(c, S^y- 

m 6 s*j*r «*isft'> y 3 >k 1 4 xx&m**s y 

3>K8a, 8bO«liriCMdHynW l 5~2 On 

ms«©oNOK (*>y3>rtftgi/->y3>a-ftii/ 
->U3>»{tK) i8t»*r«. «. ONONIS 

b. 05 (d) K:»rxafc*v»T*«*^y3>«i 

MirMA^U 3 >jg 1 9 ft*j«r*. 
[0 0 6 0] 05 (f) (C*r±5(C, y^rbU 

(0*#r) 

ffoT, *«tt'>y3>Rl 9, ONOKl8S^5E 

^->fcnnxr*. rnt'ckoT> *n»3/y3>m 
9^-uwy-h (7-h» 2o©»tticinxr*tt 

fcfc, ffiW-M 9*7^-;VH«ftR6©fi^*|ff| 

trtxri^fiftt^^T^^y-tAflffc^Kr*. u*> 

^ffitBWjeift)!S2 lft*|«U (0 
**r) SrKttT0 4 IC*T«t 5ft777->a^t'JAS 

[0 0 6 1] *HJ8WT*tt, h>*Miftil7±K»* 
40 Lfc#<8i&->y 3>R8 *S«?W(tl»iLfcfiiHlflcy- 
h»fl:Bti 1 *HttM:tJ:oT»*r*o-r, tt«W^ 
*V»X8fc J: 0 J.^fil**WT«ftET©*-«B»^39' 

Mfciyf>^ nr^E- ©8B#©B&JP*i£ < fttjTL 
S5Ct**^Vi©-C, H>*JVK^K7 a, 7bC*V» 

[0 0 6 2] 06tt» *d3SOMI©75yS'ay ; Ey© 

^ * y -t^r w g?»©gi5^6«j;s«{iis*^**r 0t* 

50 0, 06 (a) UW-mm, 06 (b) tt06 (a) ©C 
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-Ci»T©Srffi0T;fes. 

[0 0 6 3] 06 (a) fciSHT, 7^-;VF6t<fcK6 
©ft##l*liia3M-*#rtlfctt, !«t©**<J-fc/l/fc# 
*Sttfc«!fiy-F (7-H«D 2 0 ttTlr* 
5. *LT, ««y-h2 0(DT8l5TaboT. 7w-» 

»y-M 6«»»j«anTv»*. ##2sy-M 

6 T© -> U a >S« 1 ^Sfctt, Mft-f 5 F >*/i«fc 
M7a, 7b«kDfcl«JP©*£^y-F«fl:«l ltf, 
h>^;^^M7 a, 7 b tO«»3i»7^-^H»ftil 
6fc»o&#flifc*J:5te»/fcattTH* (06 
(b) #JRD . 

[0 0 6 4] NfflTIMI»ttttJiT**V-^ • HK> 

fc««©5/U3>atsiaiBfc»j«*nTv»*. bps. 
y-x- hw>5«, 7-f-*H«ffai6oa**rti 

y-X ■ FW>5tt, fMBy-M6T©y 
-Fr^Rl lfttfF>*Jl/»fl*7a. 7b<h0. 0 
5~0. 3/imSSIE^Ml'^--A-7^> r LT^5. 
*fc, y-X- FK>5C-i (FK» tt. WW 

y- F 2 o Rtf 7-< FKfcK 6 \zw*nitwm\z 

h« (0**1*) fc»aanr*o, (y-x) t> 
y-X3>**F (H*%*r«) *^UTy-x«8 (0* 

[0 0 6 5] 06 (b) IC*5V>T, &**V±Mt. P 

S5/Un>»si±ich>*jMiftii7a, 7bs.tfy 
- fkmr 1 1 ft^UT»«sn&»ay- m 6 (^ 

»a5''j3>lll4Rr«HS»->U3>R8a, 8b*> 
t, ^jfiy-h 1 6±ltONOMl 8*^l/T 

^tu-tjwa. »*y-F i 6T©y-FseftBii is. 

tfF>*;U&fl;!Jl7 a, 7bt0. 0 5~0. 3 <imS 
n-y v ^LT->'J 3 >S« 1 &m\zM 

i&snfcy-x- Hw>BttLw*. *&, y- 
F mm l l ±fctt, £*g,ffr> 'J n >Bt i 4 Rtf^fcft 
->'j3>!8a, 8b ©3W*Tr±#fcJEtf& 2 #©-> 

[0 0 6 6] 06 (a) Rtf (b) *&«&a>&.fc3 
\Z, *j«M!©7 5v5/a* i E'Jtt, 7<r-;i/Fr«u* 
6T«^©y-X- HW>Bth>*jm«7 8, 
7btOt-/t-7y7l'»^LT, y-X- HK 

> 5 mm?- v 1 6 tomnrm^cttARtrai*** 

■feJV©y-X • HK >5©-^Tfcr)ViT«9^.«0. 1 
(tmxo. 6AtmSae©««*t2r3t?abS. 
[0 0 6 7] %.\Z, *«»«©7?y3/a.^ ; EU©Ki 
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y-X- FW >5©JB&Ig£W4. 02Rtf03T 

m i t**r *:na*£»t«R»f *. 

[0 0 6 8] *HJSWTtt, 02 (b) ©I8T&8M 

*>aAic± o y-x • ph>6 ft»j«T*©Trtt& 
<. 03 (g) £ro)xmm7Litm&-vffl®>?-b 

2 0Rtf7-f-^F«fl;ll6ft'TX^tl/Ta*©'f* 

>ttA*ff5. n©":*©-r *>£*©*#«. -i*y 
&x<DftBi&mtm i £k«i-?rb ufc© t nm-ez 
io -?-lt, c©efcff%aasnfc^«w*«©iMtt« 

fcJ:oT^F«*rtllCtt*b. y-FBSfcSSl IRtfF 

>^;>KftSi7a, 7b©TOfcHW«fcr>fc»0y 
-x- FK>5«n5. for, *sufiwci 

5t, 3F«*©«*fi«*fc±t>Th>*^»ftll7 

a> 7biv-x • FK>5t«)t- rt-jyfmto 

£#&BtftLT F >*;VBtfcl!& 7 C < ft 

•3, N>^;VBIftK©SIH*'miR^m2|lli0iJ©«^ 

a? *tt©Kv^tu-fe^ft»4^t«tr#*. 

[0 0 6 9] H7tt, ®4^iS0IJ©77>^>a^ ; E'J© 

ID, 0 7 (a) tt¥B0, 0 7 (b) «0 7 (a) ©B 
-B*lT©fffffi0-C$,3o 

[0 0 7 0] 07 (a) C*V»T. 7<r-/H*WM6 
©«?#fflil«W-*jEFfflfc:tt, *fc©*t'J-fe;i/K# 
wstt&iwwy-F (y-F») 2o«»»j«anTv» 

5. iE-UT, Wffliy-F2 0©T«5T»oT, 7^-;V 

F«ftrn6fc**n&*3Hi*«±ictt#/*'j-fe^©* 
30 ay- h i 6 *t»]«snTv»6. *&, ssay- f i 
6 t© -> u n >s« i gfflictt, M«rr« f >*)vmfc 

I7a, 7biO'b)iaj?©^#Viy-FBIftKl 

f >*)vwm 7 a . 7 b toajfcwwny- f 2 0 ic 

»-3fc*«ttt*J:5K:»rtSnT^* (07 (b) # 

[0 0 7 1] Nffl^W*ttlU|T!»*y-X -PM> 
5(4, W»y-F2 0R^7-r-;WFKfl:R6fciB*n 

&fw»©5'U3>«Ri*iiit»rtanTv»«. ws, 

y-X-FW>5«, 7-f-^F«YbK6©ft#*fiI 

iC-p, 7-X- FW>5tt, j?aiy-Fi6T©y 
-FKftRl l*tfh>**fMai7a, 7bt0. 0 
5-0. 3tfmSK«»Wtt- A-5y7LTVi-5. 
Sfc. y-X - FW>5©^H, «»y-F2 0R 

yFn>^i^F« (0*«BS) ft^LTlfyhaW (0 

[0 0 7 2] 07 (b) fc*V»T. #^«U-tJI/tt. P 
fflS'U3>afcRl±KF>*MiflJ|7a. 7 bR^y 

50 - FKftK 1 1 *^UT»rtsnfc#ay"- f i 6 & 
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»*->U3>Hl4R«#il»5/U3>lt8a, 8 b*> 
SfcS) t, ffjgy-hl 6±(CONOKl 8£;frLT 

»*snfc*fpy-h2otft*UTv»*. set, # 

^^'J-feJHi, EI 7 ( a ) fc jftf <fc 5 fc, S2Sy- h 1 
6T©y-h«flS«l lRtfh>*Miftil7a. 7b 
tO. 0 5~0. 3/im8M^l:*-A*-7-y^L 

5"j3>*14»r«HS*^ij3>il8a, 8bW 

TVs*. Sfcfc, *^ij-fe;u©£fm, jBffl*Bg|R2 1 
TStonTVs*. 
[0 0 7 3] 07 (a) Rtf (b) ^6M6*^«t5 

6T«*©y-*- HK>5th>*JVtftR7a, 
7 bfc©*— /t-?y:/Wfl*fl"t/r, V-X- HW 

> 5 kmuf- v 1 6 <h©MT«^©aARr;§i#st# 

■fejKOV-X • HW>5©-^(COViT^A«0. 1 
MmXO. 6jimIS(Offi«-!?»f), £to#T«V>ffi« 

£#-r*Kii!r&n©T% #&y-h 1 6Rtfy-7, • 

F W > 5 M©M*#*C/hS < "T* C t«»T?**. 
-^©*Sm, h>*JMM«7a. 7 bT©*IMfc*#* 

*<!a:9TFNh>*ij>ys*K«ta« : 3 t ©gi*»# 

t>, h>*JHWW7a, 7btt, *©VJrti*>-*« 

ttfc»«anTv»n«j:v». 

[0 0 7 4] *5«S«©7?y^a^ ; EU©WS 
V-X« HU-f>5©»«XBfiWM4. 0 2&tf0 5T 

[0 0 7 5] *3ttMn?tt, 02 (b) ©IgT&JM 

o y-x • fk>6 ft»*r*©Trtt!ft 
<, 0 5 (f) ST©xe*t»7u&aiBT«i«y-h 

2 0fttf7Y-^HKftH6ft7X9&UTa*©'f4- 
>&A£fr5. ^©tSO-f^^ttXOftfrtt. -f*> 

ax© i mmmr^m u&© troth?* 
v>. *lt, c©i«fcjT'6asn&^tt««»a©jiMaa 

>*jvmm 7 a , 7 b ©t* t-aw««ft-3 &»©y 

Si, Sg3§S;»0t|ifflt;<> h>*;i#MfclK©BIK£?g 
iatf» 2 *««©«£* Dfertj±stt*c£atT* 
s. 

[0 0 7 6] K±fc«iflbfcJBl~»4SlEll«H:, #tt 

S77f>n.^ ; E'Jfct)VsTT»ofc*i, #fS8J!«, A 
«E£Mf SMNOS^CEEPROMfc^Vvtfcji 
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8, 1 4©ffcbDIC5/U3>»U*"*JIIV»*i:4: , bfc, 

->u n >sftR9R«oNOK 1 8 ©»«*#«-rn« 

±VJ. 

[0 0 7 7] OSt). MNOSI!©EEPROM©§Jji 

t»i©sfcitftjMw-*is£, ±Egi©afcK« 
MRmz&zL, ±Etsi©aftii©^^->*»*r 
sist. ±iem i ©aftK©A3'->©iffl©±iB¥» 

- hmmm*f&mK.\z<k-DTMf$.?z>xnt, 

«. ±BB» 1 ©SMfc»±fcfS 2 ©afl«ft»|jrt-axB 

t, >j>K< t<b±mm2o&mzm${mz®3ku ± 

12 h >*JI4MMRtf±ey- h*6*«±K±lEtS 1 © 
aft«R«±IBSj 2 ©ttftlt»6a:fi«MEftKCM 

■rsist. ±E»2©*flai±fcy-h«ita*» 

[0 0 7 8] 

a? h >*jWMMt±fc»j*u&» i ©tt«ttst£KRttK 
**ix&«Bf try- hwwft«»fliK*oT»j*-r* 

©T% «*©J:5t*'f F**-JUIft»J*Lfc«fcl» 

»ft*froT->«j3>«ftiift»j«u astiMFS 

£V>3£< ©ffiM&XSftfrSOK 
ftoT. ««©«»«»ifc*»fiftlBlT-r 

«HW«^©«»«^F*Wtx s> ?>y*nT*©«» 
©Rj?*t*<»^)TUS5c:t*J»n©T, b>*)m 
*«T©«JMW')WB#*n*£i**&<fc<&. 

[01] *56M©SBlHtt«l©^*5fitt¥^BBttSfi 

©«*iPi»fcjR-rHT!**. 

[0 2] *5e9J©m£«tt©*85fitt¥*^ttSm 
©tt&EriSftXSiltw-rWiHT**. 
[0 3 ] *58BJ©^ 1 ?IJfi^J©^»5!tt¥«#:f5ffi:SS 
©S£#&£IgW(c^-r0fffi0T»3. 
[04] *»W©SB2HMS«9©^»»tt#ill^lHtt:gS 

40 ©«{is*jis^-r0Ta&s. 

[05] *58M©»2*«S«l©^«%tt¥*^iBtt;gH 
©Kii^S*XSJIStc^1-»fffi0TabS. 
[06] *^W©m3^Jg«S)©^»%tt¥*^IHttSg 
©8ESS«jg$^-r0T»*. 

[073 *5gM©^4*Jg^J©^»^tt^*#:|H«^ff 
©SEI§«jg£^-r0T**. 

[0 83 ft*©*#^¥^#BB«gB©3S&#S£I 
8JBtjS-r»HifHTr*«. 

c«w©wai 

50 1 ->'Jn>a« 
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